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Notes:

1. Information obtained from Final Draft Milltown
Remedial Investigation Report (prepared
by Titan Environmental Corporation for ARCO,
February 1995)
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ATLANTIC RICHFIELD COMPANY

2. Accumulation Area acreage determined
using tools in ArcView v. 3.2.

BUTTE, MONTANA

3. Accumulation Area volume information generally
obtained from presentation materials at Clark
Fork Basin Symposium 2000 (April14-16) based
on Harding Lawson's total reservoir estimate of
6.6 million cubic yards (HLA, 1997). SAA|
sediment volume estimate of 2.6 MCY has been
confirmed by calculation based on sediment
’ . thickness isopach presented as Figure B-16
. - N g ; " . 7 " . in the Remedial Investigation Report. SAA III
Area DeS|gnat|°n i & £ i == St NG : i estimated volume and maximum sediment
See > 2 T~ oo \ B S R, N A thickness updated from symposium values

3 - ¥ i i § ey . \ 3 o based on additional sediment cores obtained
LA Note v | v 2 Ao | A e <Ol N o, R by EPA in 2002.

; - g - A\ ' - i 4 A ¥ S Eh . Extents of Source Characterization Sediment

b T ey L 3 3 > X ¥ Accumulation Areas |-V shown in this figure

“J Sediment Thickness TS X R N 0\ ¥ . A ; were modified from Figure ES-3 of the Final Draft

(feet) i | * g =) 3 ! ! : ! . & T e Remedial investigation Report. Modifications include

N % / : . f \ LR Ea L% exclusion of areas outside the FEMA 100 yr floodplain.

SEDIMENT ACCUMULATION AREA BOUNDARIES
MILLTOWN RESERVOIR SEDIMENTS SITE

Upstream boundary based on approximate
extent of area innundated by a maximum pool
elevation of 3263.5 feet above MSL.
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LEGEND:

1893 Channel Location
Source: Northern Pacific
Railroad Survey

1903 Channel Location
Source: USGS Quad Map

MISSOULA, MONTANA 59808

1937 Channel Location
Source: USFS Aerial
Photography

1966 Channel Location

Source: USFS Aerial
Photography
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Figure 2-2
Comparison of Thalweg Profiles, 1981 - 1997
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Figure 2-3a
Geomorphic Evolution of Cross-Section F, 1981 - 1997
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Figure 2-3b

Geomorphic Evolution of Cross-Section O, 1981 - 1997
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1) Core sample information provided for deepest
reservoir sediment sample collected during
EPA's 2002 field investigation.

| 2) See Appendix A for additional information on
reservoir sediment lithology, including core logs.
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Figure 3-1
Historic TSS Concentrations at Above Missoula Station
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Figure 3-2
Historic Dissolved and Total Arsenic Concentrations at Above Missoula Station

Arsenic (ug/l)

100
<«— 1996 Ice Scour and Drawdown

a0

Note: TRV (Diss.) for Rainbow Trout: Acute = 6,670 ug/l and Chronic = 2,953 ug/I
80
70

|

60

Drawdown 1989 Upstream Ice Scour
50 |

Dam l
40 - Rehabilitation
Construction 1997 High Flow
30
Drawdowns
20 \
v
’ ﬂ . )
v I

10 V v
0 T T T T T T T T T T T T T T T T T
Jan-86 Jan-87 Jan-88 Jan-89 Jan-90 Jan-91 Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00 Jan-01 Jan-02 Jan-03

—— USGS Total Arsenic —— USGS Dissolved Arsenic MPC Total Arsenic MPC Dissolved Arsenic

— Missoula County Total Arsenic Missoula County Dissolved Arsenic ——MCL Dissolved Arsenic

Arsenic concentrations a compilation of MPC-collected data (Land and Water, 1999), USGS-collected data (USGS website station 12340500), and Missoula County-collected data (Atlantic Richfield, 2002)
Fig 3-1 to 3-3 Historical timeline.xls



Figure 3-3
Historic Dissolved and Total Copper Concentrations at Above Missoula Station

Copper (ug/l)

250
1996 Ice Scour and Drawdown ——»
USGS Measured Total Copper: 400 ug/|
Missoula County Measured Total Copper: 770 ug/|
200
<+—— 1989 Upstream Ice Scour
Drawdown
150 Dam .
Rehabilitation 1997 High Flow
Construction
Drawdowns
v
v
50 — I
1 /
A Il ’//
\_/\__,\/\/,\J\
0 I I I I I I I I I /\ I I I I I I I

Jan-86 Jan-87 Jan-88 Jan-89 Jan-90 Jan-91 Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00 Jan-01 Jan-02 Jan-03

——USGS Total Copper —— USGS Dissolved Copper MPC Total Copper MPC Dissolved Copper
— Missoula County Total Copper Missoula County Dissolved Copper —— Acute TRV Diss. for Rainbow Trout —— Chronic TRV Diss. for Rainbow Trout

Copper concentrations a compilation of MPC-collected data (Land and Water, 1999), USGS-collected data (USGS website station 12340500), and Missoula County-collected data (Atlantic Richfield, 2002)
Fig 3-1 to 3-3 Historical timeline.xIs



400

300

200

100

TSS (mg/l)
o

-100

-200

-300

-400

Jan-86 Jan-87 J4

Figure 3-4
Historic Incremental TSS Concentrations Due to the Reservoir
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Figure 3-5
Historic Incremental Dissolved and Total Arsenic Concentrations Due to The Reservoir

50
Note: 1996 Ice Scour Not Represented Because Contemporaneous Sampling
Did Not Occur At Both Upstream Stations
40
Drawdown
Dam
30 Rehabilitation
Construction
1997 High Flows
20

Drawdowns

Arsenic (ug/l)

-10
-20
<«——— 1989 Upstream Ice Scour
'30 T T T T T T T T T T T T T T T T T
Jan-86 Jan-87 Jan-88 Jan-89 Jan-90 Jan-91 Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00 Jan-01 Jan-02 Jan-03

—— Total Arsenic —— Dissolved Arsenic

Arsenic concentrations a compilation of MPC-collected data (Land and Water, 1999), USGS-collected data (USGS website stations 12340500, 12334550 and 1234000), and Land and Water-collected data (Land and Water personal communication 2003)
Fig 3-4 to 3-6 Hi



Figure 3-6
Historic Incremental Dissolved and Total Copper Concentrations Due to the Reservoir
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Figure 3-7
Reservoir Pool Elevation Versus Measured TSS Concentrations at CFR Above Missoula
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Figure 3-8
Reservoir Pool Elevation Versus Measured TSS Concentrations at CFR Above Missoula
Station During 2003 Drawdown
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Figure 4-4

Milltown Reservoir Water Surface Elevation Immediately Upstream of the Dam
Under Scenario 1
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Figure 4-5
Milltown Reservoir Water Surface Elevation Immediately Upstream of Dam Under Scenario 2
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Figure 4-6
Milltown Reservoir Water Surface Elevation at Dam
Under Scenario 3 Dam Removal, Average Flows
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Figure 4-7
Milltown Reservoir Water Surface Elevation at Dam
Under Scenario 4a Dam Removal, Average Flows
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Figure 4-9: Estimated Amount (by weight) of Bed Material Scoured from above Milltown Dam
Scenario 1 - No Action

Clark Fork from Milltown Dam
to Duck Bridge Fines
Clark Fork from Duck Bridge A47%
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Net deposit of 20,000 tons (equal to
approximately 17,000 cubic yards)

Blackfoot from Milltown Dam
over 1582 days to 1-90 Fines

1%
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Figure 4-10: Estimated Amount (by weight) of Bed Material Scoured from above Milltown
Dam

Scenario 2 - EPA's Proposed Plan
Clark Fork from Milltown Dam

Clark Fork from Duck Bridge to Duck Bridge Fines
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Blackfoot from Milltown Dam
to 1-90 Fines
21%

Blackfoot from 1-90 to
Stimson Dam Fines
10%

Blackfoot from 1-90 to
Stimson Dam Sands

32%
Total = 48,000 tons (equal to approximately 41,000 cubic yards) released

over the modeled 1582 day sediment removal period. Note that an
additional approximately up to 320,000 tons (equal to approximately
270,000 cubic yards) could be released subsequent to the modeled period
when the dam is finally removed. The total modeled period plus additional
dam removal scour is reflected in the pie chart percentage breakdown.
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Figure 4-11. Estimated Amount (by weight) of Bed Material Scoured from above Milltown
Dam
Scenario 3 - Dam Removal without Bypass
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Total = 1,243,000 tons (equal to
approximately 1,057,000 cubic
yards) released over 1582 days

Clark Fork from Milltown Dam
to Duck Bridge Fines
35%
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Figure 4-12: Estimated Amount (by weight) of Bed Material Scoured from above Milltown
Dam
Scenario 4a - Dam Removal with Full Bypass Channel, Average Flow

Clark Fork from Duck Bridge
To Turah Fines
11%

Clark Fork from Milltown Dam
to Duck Bridge Sands
17%

Clark Fork from Duck Bridge
To Turah Sands
9%

Clark Fork from Milltown Dam
to Duck Bridge Fines
12%

Blackfoot from 1-90 to
Stimson Dam Fines
7%

Bypass Channel Sands
1%

Bypass Channel Fines
0.3%

Blackfoot from Milltown Dam
to 1-90 Sands
2%

Blackfoot from 1-90 to
Stimson Dam Sands _

24%
Blackfoot from Milltown Dam
to 1-90 Fines
Total = 478,000 tons (equal to 17%

approximately 406,000 cubic
yards) released over 1582 days
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Figure 4-13
Comparison of Highest Year Sediment Loads (Including Inflowing)
Between Model Scenarios
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Figure 4-14
Comparison of Peak Downstream
TSS Concentrations Between Model Scenarios
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Figure 4-15: Deposition in Downstream Clark Fork River Reach (Milltown Dam to Bitterroot
Confluence) under Scenario 4a Dam Removal with Full Bypass Channel
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Milltown Dam - Shields Mobility Threshold

Figure 4-16

100.0 T T
\ \
No Mobility
X\ /A ~ /A
\ N s \\ / \ s \
N— / A N
10.0 | yd /\ /\
* \\ K ¢ \\ \\\\
\ / \ L\ /
e \\
Mobility
1.0
—>%—500 cfs
—4— 2000 cfs
——4900 cfs
0.1 ; ; ;
o o o [00] O O N~ (@] o (@] O (@] (90]
— N N~ Q ™ ~ @ N < Q ™ 0 0
— < (o] N~ [o0] [o0] [o0] (@] o o — AN ™
Lo L0 Kp) L0 Kp) L0 Kp) To] [{e] O (o] O (o]
™ (90] ™ (90] (90] (90] (90] (90] (90] (90] ™ (90] (90]

River Station

H:\Projects\Milltown RD-RA\Scour Evaluation\May 17, 2004 Submittal\Figures\Section 4 Figs\Figs 4-16,17 Mobility.xIsFigure 4-16




Figure 4-17
Milltown Dam - Van Rijn Suspension Threshold
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Figure 4-18
Bed Profile at I-90 Bridge near East Missoula
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Figure 4-19 - Longitudinal Profile of CFR Between Milltown Dam and Duck Bridge
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Figure 4-20a - Longitudinal Profile of BFR
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Figure 4-20b - Longitudinal Profile of BFR from Milltown Dam to Stimson Dam with
Gravel Layer Elevation Identified
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Figure 4-21 - Longitudinal Profile of Bypass Channel
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Figure 4-22 - Longitudinal Profile of CFR Upstream of Duck Bridge
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Figure 4-23 - Longitudinal Profile of CFR Downstream of Milltown Dam
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Figure 4-24 - BFR Cross Section 0.03 at End of Stage 3
Looking Downstream
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Figure 5-1
Suspended Sediment Load for USGS Gages
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Figure 5-2

Total Sediment vs. Discharge at Downstream Boundary

Milltown Dam Removal
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Figure 5-3

Predicted Downstream Total Metals Concentrations for Full Bypass Scenario
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Figure 5-4
Predicted Downstream Dissolved Arsenic versus TSS Concentrations for Full
Bypass Scenario
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Figure 5-5
Predicted Downstream Dissolved Copper versus TSS Concentrations for Full
Bypass Scenario
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Figure 5-6
Predicted Downstream Dissolved Metals Concentrations versus Time for Full
Bypass Scenario
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Figure 5-7
Total P vs Total Suspended Solids

Clark Fork above Missoula Station
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Figure 5-8

Total N vs Total Suspended Solids

Clark Fork above Missoula Station
1.0

TN (mg/l)

Rsq = 0.1397

TSS (mgl/l)

Tri-State Water Quality Council

1990-92, 1998

H:\Projects\Milltown RD-RA\Scour Evaluation\May 17, 2004 Submittal\Figures\Section 5 Figs\Fig 5-7 & Fig 5-8 LWC tp and tn
figures.doc



Figure5-9
Total Suspended Solids vs. Biological Oxygen Demand August 2002 Milltown Reservoir Drawdown
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